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I . INTRODUCTION 

a 

This th i rd  monthly progress report covers the work accomplished from 1December 
through 31December 1963, 

Up t o  now azide structures under investigation7 have been produced i n  the 
Goodyear Aerospace Corporation (GAC) laboratory. Structures I through IX 
(see Table I) have been under development with the greatest  success being 
obtained with Structure I. 
under GAC R&D programs) three new azide s t ructures  were designed and ordered - 
during the first month of t h i s  contract. Small. quant i t ies  of these s t ructures  
have been delivered and a re  undergoing formulation and screening tests t o  
determine t h e i r  s u i t a b i l i t y  f o r  the ultimate objective. 
azides, some new poly01 resins  were obtained f o r  t h e i r  desirable heat of 
d i s tor t ion  properties, and w i l l  be used i n  combination wi th  the azides t o  
produce an improved r igidizing material. 

On the basis  of past  development e f fo r t s  (conducted 

I n  addition t o  the  

Trial runs were made on several new combinations. A number of experimental 
foams were produced by heat  triggering i n  p a r t i a l l y  evacuated environments. 
The technique of determining the "Heat of Decomposition" has been developed and 
t e s t s  have been run on several structures where measurements show good r e l a t ive  
consistency,. An azotometer has been assembled and the nitrogen release has 

been determined fo r  several  azide structures. 
determine the sublimation tendency of the azide-polyol combination i n  vacuum 
and a t  temperature. 
for  screening tests. 

An apparatus has been b u i l t  t o  

0 5 A " V i c a t  Softening Pointn apparatus is being investigated 
u) 

0: w A clrtW 3 
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B. 

11 . WOKl ACCOIPLIS-EED DURING 'THIS REPORTING FEIiIOD 

Azide Synthesis 

A 22-gram quantity of terephthaloyl azide (Structure I) was sjnthesized i n  
order t o  have a f resh  material t o  compare with material  synthesized more 
than 6 months ago. It i s  known that t h i s  azide i s  s l i g h t l y  unstable a t  room 
temperature, undergoing decomposition a t  a r a t e  of the order of one per cent 
per month. 
induced detonation than the old, and note change i n  color from white t o  
yellow i n  the old material  that  occurred on exposure t o  l i g h t  f o r  a f e w  
days. 
dark in a refr igerator ,  i s  so f a r  good. 
with aging may be made as  time permits, 

We observe the fresh material t o  be more sensi t ive t o  heat 

Color s t a b i l i t y  of the new material, which i s  being stored i n  the 
Further determination of changes 

D e l i v e v  was made by our supplier of 25-gram quant i t ies  of azide Structures 
X and XI: i n  apparently good condition and purity,  Preliminary values fo r  
density, melting point, r a t e  of decomposition a t  one temperature, and 
comments on explosive sens i t iv i ty  a re  contained i n  Table I f o r  Structures 
X and X I  together with l i k e  information f o r  Structure I. 
it appears X and X I  have as suitable thermal decomposition character is t ics  
as I and somewhat l e s s  explosive potential. 
comparisons must of course be made. A preliminary sample from attempts t o  
synthesize Structure X I 1  was received; i t s  t rue molecular s t ructure  i s  
however uncertain and it contains a t  l e a s t  one impurity, according 
t o  the supplier. A l l  structures, on preliminary t e s t s ,  have shown similar 
polymerization reaction ra tes  i n  foaming. 

A t  t h i s  point 

Further evaluations and 

Infrared spectrophotometric inspections of the new azides w i l l  be made and it 
is  planned t o  make inspections f o r  puri ty  by th in  layer  chromatography 
when equipment becomes available. 

Foaming Studies 

Experiments have been made with the objective of producing foamed specimens 
within molds under vacuum. 
radiant heat directed downwards onto approximately six-inch diameter 
specimens of aluminized Hylar f i lm carrying a coating, on the upper (c lear )  
side, of the azide-resin mixture, 
a charged mold inside a vacuum dessicator t ha t  was heated within a laboratory 
oven. 
employed with formulations of Structure I and a p a r t i a l  prepolymer of FFR-6 
resin. Under these conditions no violent  exothems occur. However, 
sa t i s fac tory  c e l l  s t ructure  within the 1 x 1 x 5 inch cavity was not obtained. 
The prolonged foaming period allows t o o  much time fo r  coolescence of small 
bubbles and gravity drainage; disproportionately heavy skins a l so  f o r m  
against  cavity walls. 

In  e a r l i e r  work vacuum foaming was done with 

The present work was done by placing 

Foaming times of several hours a t  oven temperatures around 170 F were 



Table 1. Properties of Acid Azides 

174 -- -- 
Tr iisocyanate 

~~ 

Heat Release 01 

Rearrangemenl 
at 2750F 
(cal/g) 

Pertaining Remarks 

to Azides 
Azide Name 

and Mol Structure 
Azide 

Function - 
ali ty 

Structure 

I* Terephthalo y 1 
Azide 

282 Shock sensitive. 
Heat sensitive. 
-one percent/ 
month decom- 
position at 
7WF. 

2 

3 

2 

CON3 6 
CON3 \ 

Molwt  = 160 
Amine eq = 80 

Molwt = 216 

11* Mesoyl (tri) Azide 
CON3 p CON3 

N30C 

-- Extremely 
shock sensitive. 

Molwt  = 201 
Amine eq = 67 

a Molwt = 285 

Sebacoyl Azide 
NQOC (CH2)8CON3 
M o l w t  = 252 

Octamethylene 
Diisoc yanate 
Molwt = 196 
Amine eq = 98 

33.3 22.2 III* 

Tv* 

Noticeably 
thermally stable at 75OF. un- 

-75 
:litera- 
:ure 
lralue 93: 

2 59 2 4,4'-Diphenoyl 
Azide 

1,4'-Biphe- 
iylene 
Diisoc yanate 

Mol wt = 236 
b i n e  eq = 118 

29.8 19.2 -- Perhaps too 
thermally 
stable. Di- 
isocyanate is 
a known 
carcinogen. M o l w t  = 292 

. 



Table I. properties of Acid Azides (Continued) 

Remarks 
Pertaining 
to Azides 

1 1 

Azide N 
Content ' *  Crystal 

Density 
of Azide 

(g/cc) 

Half Life** 
at Stated 

Temperature 
(min) 

Heat Release on 
Rearrangement 

at 2750F 
( c a m  

Azide 
Melting 
Point 

(OF)  

-- 

-- 

Isocyanate 
Produced 

on Re- 
arrangement 

-- 

Azide N a m e  
and Mol Structure 

Azide 
Function- 

ality 

-- 

2 

Structure 

I 

27.3 I 18.2 Ix+ Di-Acyl Azide of 
Oxy-Dibenzoic Acid 

N30C 

-o- dCoN3 
Molwt = 308 

IO (prelim) 
i t  193OF 

Have not ob- 
served de- 
tonation on 
rapid heating. 

X 4,4' -Diphenyl 
Methane Diacyl 
Azide 

27.4 1.34 

1. 31 

1 8 . 3  4,4' -Diphenyl 
Methane 
Diisoc yanate 

Molwt = 250 
Amine eq = 125 

H 
N ~ O C -  - - 0  CON^ 

Molwt = 306 

XI 0 0 18. 1 

-_. 

10 (prelim) 
it 196OF 

Have not ob- 
served de- 
tonation on 
rapid heating. 

12.1 -- 
ll /I 

N3OC O C  -O(CH2)6 O - C - o - C O N 3  
Molwt = 408 
Amine eq = 204 2 

Molwt = 464 

I 

**Assuming a unimolecular reaction, the time for 50 percent of the material to undergo rearrangement as measured by nitrogen release. 
t Preparation of this structure contemplated during the Goodyear Aerospace in-house development program. 

3A 
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I n  view of the above problem, continuing t e s t s  of the u t i l i t y  o f  s i l icone 
p o l p e r s  f o r  s tab i l iz ing  froths  a re  being made. Some d i f f i c u l t i e s  e i ther  
with retarded cure or  foam plast ic izat ion have been encountered. 
surfactants capable o f  s tabi l iz ing mechanically produced f ro ths  a t  room 
temperature seem ineffective a t  l7S0 F. 

Silicone 

C. Measurement of Azide Thermal DecomDosition %tes 

An azotometer (similar to  a nitrometer) apparatus was used to  measure the 
volume of nitrogen evolved during the rearrangement of an azide material. 
The r a t e  of azide decomposition i s  d i r ec t ly  
nitrogen evolved. 
nitrogen evolved when the azide i s  exposed t o  a specif ic  temperature. 
From these runs a value rrK" for the reaction velocity of azide rearrangement 
can be arrived a t .  below the r a t e  of azide 
decomposition can be determined for  any time period. 

re la ted t o  the r a t e  of 
Azotometer information gives the r a t e  and amount of 

Then from the expression 

where x = amount of azide 
t = t i n e  a f t e r  start of azotometer run 
k = reaction veloci ty  of azide rearrangment 

D. Determination of Sublimation Tendency 

An apparatus was constructed of  a copper p la te  with a number of wells fo r  
copper cups which would contain the sample materials. 
i s  mounted on the underside of  t h i s  p la te  for  temperature control and 
thermocouples are  mounted on the surface f o r  temperature readings. 
apparatus i s  contained i n  a be l l j a r  where temperature and pressure may be 
controlled. 

A heating element 

This 

The sublimation tendency of the candidate predistributed r igidizing materials 
i s  Formulations of the material 
a re  prepared and applied t o  the caps of the apparatus described above. 
caps then a re  subjected t o  a high vacuum environment f o r  a specified time 
in te rva l  a f t e r  which one cup i s  removed and the weight l o s s  determined. 
With a minimum exposure to the atmosphere, the remaining cups a re  returned 
t o  the high vacuum environment. After a specified time exposure, a second 
c c ~  i s  removed and the weight l o s s  determined. 
u n t i l  a curve can be established f o r  the r a t e  of sublimation of the material, 

being determined by the weight loss method. 
The 

This procedure continues 
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III. PROBLEM AREAS 

A s  reported i n  the preceeding monthly progress report  (GER-11318' S l )  the time 
required t o  locate an  azide supplier, and the time required f o r  the preparation 
and delivery of the f irst  azide structure,have delayed the completion of 
Phase I of t h i s  program. This delay, however, i s  not expected t o  a f fec t  the 
completion date of tk program. 
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The measurement of chemical and physical properties of  a l l  available azides 
w i l l  be continued. 

Work will be continued t o  study f o r m l a t i o n  var ia t ions  and their e f f e c t  upon 
m l - - - : m r  s trength and teizperature de7endence o f  strength. 
appar?tus w i l l  be employed t o  a id  in tlzese investigations.  

Evalw~ t l o n  mthods f o r  azides v i11  be continued. 
w i l l  include : 

A Vicat softening 

The areas 02 invest igat ion 

7 1. -;etermination of shock sens i t i v i ty  (2nd f r i c t i o n  sens i t iv i ty) .  

2 .  Thcrpal deconposition characteris t i c s  of all available aziaes tAxe 
versus temperature. 

3o Eieat re lease on decomposition a s  determined by calorimetry w i l l  be 
completed f o r  a l l  available azides. 

h. Solu.bility i n  solvents and i n  p r e p o l p i r .  

5 .  Sublimation tendency i n  high vacuum. 

6 .  Test formulations made with consideration of:  

a. Balance bekreen -OH and 2rociv.ced -NCO, 

b o  Available releasable nitrogen f o r  blowing. 

c. Azide deconposition r a t e  as determined by azotometer, urc ,.--ne 
react ion r a t e  and viscosity when blowine;. 

The above are  t o  be evaluated i n  terms of density, foam p o l y ~ r  Kelt- 
tenperature, heat effects ,  c e l l  s t ructure ,  post  cure and 
dis tor t ion.  

Some p a t e r i a l  screening w i l l  be exercised, an2. possibly some new ?,-,ides 
may be designed, 
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